Field study was carried out to determine the long term effect of herbicide application on soil microbial community in rice-rice cropping sequence in acid soil of North-East India. Treatment comprised of absolute control with one hand weeding, butachlor + 2,4-D with 100% NPK through chemical fertilizer, butachlor + 2,4-D with 75% NPK through chemical fertilizer and 25% through organic source, butachlor + 2,4-D rotated with pretilachlor with 100% NPK through chemical fertilizer and butachlor + 2,4-D rotated with pretilachlor with 75% NPK through chemical fertilizer 25% through organic source. Result revealed that, after 14 years of continuous use of herbicide and organic input along with recommended dose of fertilizer application demonstrated significant increase in the activity of acid phosphatase. The effect of herbicide application was more prominent with sole chemical fertilizer than with organic manure for 25% N fertilizer replacement. Dehydrogenase activity in soil was increased following herbicide application up to 14 days after that it again decreased more prominent with addition of organic manure than with chemical fertilizer. No characteristic trend of urease activity was observed after application of herbicide. Significant inhibition of respiration was observed after application of herbicide up to 14 days followed by gradual recovery afterwards. Microbial biomass carbon in soil was significantly enhanced by application of organic manure for 25% N fertilizer substitution. Under rice-rice cropping system, application of herbicide showed temporary decline in microbial population and enzyme activities up to 14 days. Application of organic manure for 25% N fertilizer substitution significantly enhanced the microbial population and enzyme activities as compared to sole application of chemical fertilizers. Further application of butachlor rotated with pretilachlor resulted in higher microbial population as well as enzyme activities.
Weed management is an ever-present challenge to crop production. Weeds have the potential to reduce resources that would otherwise provide nourishment to growing crops or interfere with planting or harvesting operations. Due to negative impacts of weed in crop production, it should be aimed at reducing its populations usually through mechanical disturbance or chemical applications. Since weed management through mechanical and cultural methods is not feasible due to morphological similarity between the crop and weeds and scarcity of labour in the peak period of transplanting, weed management through herbicide practices is more promising for farmers. Butachlor and pretilachlor, member of the chloroacetanilide group of herbicides, are used for the selective control of annual weeds in rice fields. Both are most commonly used herbicides to control a wide range of annual grass and broad-leaf weeds. However application of such chemicals may exert an effect upon the soil microbes (Wardle and Parkinson1990) and their biological activities. An unintended consequence of the application of herbicides is that it may lead to significant changes in the soil microbial population and their activities thereby influencing the microbial ecological balance in the soil (Saeki and Toyota 2004) and affecting the productivity of soils. For optimizing and sustaining natural resources, the soil microbial population play an important role in carbon stock, nutrient cycling, organic matter decomposition which in turn affect soil fertility and plant growth.
Application of herbicides may affect the nontarget organism including soil microorganisms is the major concern with the use of xenobiotic compounds in rice ecosystem (Latha and Gopal 2010) . A large portion of these chemicals accumulates in the top layer soil where most of the microbiological activities occur. As a result, there is a loss in microbial biodiversity and that can affect the functional stability of the soil microbial community and soil health. Many soil enzymes can be used as indicators of soil quality for sustainable management because they are sensitive to ecological stress and land management (Benedetti and Dilly 2006) . Evidence of the stimulation effect of herbicides on soil biochemical properties has been earlier reported (Garcia-Ruiz et al. 2008) , even if herbicides are not designed to directly interact with soil enzymes. Long term use of herbicide with or without organic matter may alter the soil organic carbon, which ultimately affect the soil health. Microbes like bacteria, fungi, algae, protozoa and some nematodes have significant role in sustaining soil and crop productivity. Various soil microbial processes, enzymatic activities are affected by the time and application of herbicide. In cognizance with the above, a study was carried out to determine the long term effect of herbicide application on soil microbial community in rice-rice cropping sequence.
MATERIALS AND METHODS
The study area was located at 26 o 44 ' N and 94 o 12 ' E and at an altitude of 91.0 m above mean sea level. The climatic condition of the site is sub-tropical having humid summer and cold winter with total annual rainfall 2124 mm. The soil of the experimental site was sandy clay loam in texture. The experiment was laid down in randomized block design (RBD) replicated thrice with five treatment combinations viz. absolute control with one hand weeding, butachlor + 2,4-D with 100% NPK through chemical fertilizer, butachlor + 2,4-D with 75% NPK through chemical fertilizer, 25% through organic source, butachlor + 2,4-D rotated with pretilachlor with 100% NPK through chemical fertilizer and butachlor + 2,4-D rotated with pretilachlor with 75% NPK through chemical fertilizer, 25% through organic source. The plot of each treatment was 100 sq m in size.
Field trials were carried out for 14 years (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) with two rice crops in rice-rice cropping sequence during winter and summer season. Two sources of nitrogen (N) viz. inorganic to supply 100% N and organic (FYM) to supply 25% N were used as per the treatment. Weed management treatments include hand weeding, pre-emergence, herbicides in combination and pre emergence herbicides in rotation. Crop varieties used in the sequence were ' and 'Luit'. Recommended dose of fertilizer i.e., 40:20:20 and 60:20: 40 N: P2O5: K2O for autumn and winter rice, respectively were applied as per-recommended practice. The organic manure was applied to each crop in the respective treatment to substitute 25% of N fertilizer. During 2001 to 2005, FYM was used and there after vermicompost 2 t/ha (total N 1.4-1.5%, P 1.0-1.1% and K 1.5-1.8%) is being used as organic manure for partial substitution of N-fertilizer. However, the amount of P and K supplied through organic manure was not adjusted and recommended doses were applied through mineral fertilizers. Observations were made on soil biological properties at the end of the 26 th and 27 th rice crop (winterautumn rice). (two crops in a year)
The classical serial dilution technique was used for enumeration of Azotobacter and PSB by spread plate technique on Burks media and Pikovskaya's solid media, respectively. Rhizosphere soil sample of 1g was suspended in 9 ml water blank, followed by serially diluted up to 10 4 and 10
5
. Aliquots of 100 µl of 10 4 and 10 5 dilutions were spread over the solidified media in triplicates and plates were incubated at 30±2°C for phosphate solubulizing bacteria (PSB) while nitrogen fixing bacteria (NFB) plates were incubated at 35±2 °C for 3 days. The microbial population were estimated as colony forming unit (cfu) per gram soil on dry weight basis and transformed to log cfu/g. Microbial biomass carbon (MBC) was determined by chloroform fumigation extraction technique following the method of Vance et al. (1987) . Field moist soil (25 g) was fumigated with ethanol free chloroform at 25 °C for 24 hours. After fumigation, chloroform vapours were removed by repeated evacuation. The soil samples were then extracted with 100 ml 0.5M K2SO4 (1:4 soil: K2SO4). Controls were prepared by extracting soils without fumigation. The soil suspension was filtered through Whatman No 42 filter paper. Dehydrogenase (DH) activity was determined by the reduction of triphenyltetrazolium chloride (TTC) to triphenylformazan (TPF). Briefly, field moist soil (1g) was treated with one ml of 3% TTC, and then incubated at 28°C for 24 hours. To account for any abiotic TTC reductions, sterile controls consisted of autoclaved soil (121°C, 20 min. on three consecutive days) were used. Spectrophotometer blanks for both autoclaved and non-autoclaved treatments consisted of soil and TTC replaced with millipore water. The optical density at 485 nm was compared to that of triphenylformazan standards. DH activity was expressed on dry weight as ìg TPF/g dry soil /24hr. Phosphomonoesterase (PMEase) activities involve the use of an artificial substrate, p-nitrophenyl phosphate (p-NPP). The product of phosphomonoesterase activity, p-nitrophenol, a chromophore under alkaline conditions were detected colorimetrically following the method of Tabatabi and Bremner (1969) and expressed as ìg p-nitrophenol/g dry soil/hr. Urease activity in soil was estimated by incubating the soil sample with (hydroxymethyl) aminomethane (THAM) buffer, Urea solution and toluene at 37 o C for two hours with 2.5M KCl solution containing a Urease inhibitor (Ag2SO4) and steam distilled with MgO.
The initial values were for Azotobacter count 18.0 x10 4 cfu gm, PSB population 16.0x10 4 cfu gm, dehydrogenase activity 110.6 µg TPFg soil 7 days, phosphomonusterase activity 270.86 µg pnitrophenol g soil h, urease activity 210.72 µg NH4 g soil 2h, soil respiration 1.65 µg CO2 -C g dw hr, microbial biomass carbon 365.5 µg g soil .
The technique of analysis of variance was used in RBD for statistical analysis of data obtained from various treatment studies. For statistical significance the difference between the treatment means was tested with DMRT test.
RESULTS AND DISCUSSION

Azotobacter and PSB population
The Azotobacter and PSB populations in soil with rotational application of pre-emergence herbicide i.e. butachlor in autumn rice and pretilachlor in winter rice showed relatively higher values compared to one that was continuously subject to butachlor application ( Table 1) . This might be due to the fact that butachlor is known to have more inhibitory effect to microbial population and soil enzyme activities than pretilachlor (Latha and Gopal 2010). Significant variation in Azotobacter population were recorded in different treatments. The population count of Azotobacter were significantly higher in farmers practice with one hand weeding in each crop and with the combination of herbicide and organic manure for partial N fertilizer substitution. Moreover, a higher Azotobacter and PSB populations in soil was observed during autumn season over the winter season. On the contrary, highest inhibition recorded with the sole application of chemical fertilizer. Inhibitory effects of butachlor and pretilachlor on population of nitrogen fixing bacteria in rice rhizosphere had been reported (Barman et al. 2009 ) and confirm to the observation of the present study. Azotobacter population decreased sharply up to 14 days after application of herbicide after which it showed an increasing trend. Highest inhibition recorded with the sole application of chemical fertilizer. The significant reduction in the population of Azotobacter in herbicide treated plots may be ascribed to the negative effect of herbicides on Azotobacter (Barman et al. 2009 ). Similar trend was observed with the PSB population. Most of the herbicides exhibited detrimental influence on soil microflora upto 15 days after application which was recovered later on. Balasubramanian and Sankaran (2001) also reported initial suppression of soil microflora on herbicide application in different soils. The toxic effect of herbicides normally appears immediately after the application when their 
Soil enzymes
Organic acids produced during decomposition of organic manure tend to reduce soil reaction, which enhanced the enzyme activity (Reddy and Reddy 2009 ). Recovery of enzyme activities after the initial inhibition associated with the increased availability of nutrients due to the degradation of herbicides was reported by Ismail et al. (1998) . Significant increased in dehydrogenase activity was recorded in flooded rice soils treated with herbicide with or without organic manure ( Table 2 ). Significant increase in dehydrogenase activity with application of butachlor was recorded highest being at 14 days after application and that decreased gradually. The result is in accordance with the result of Vandana et al. (2012) . Addition of organic manure for partial substitution of N fertilizer significantly increased dehydrogenase activity in soils than application of inorganics alone because of substitution of organic sources increased the availability of substrate for dehydrogenase activity (Chaudhury et al. 2005) . Dehydrogenase activity is known to have strong correlation with organic carbon content and thus addition of organic manure resulted in more soil dehydrogenase activity in the study (Madejon et al. 2007 ). The anaerobic microorganisms could effectively degrade butachlor in paddy soil. Since dehydrogenase is mostly produced by anaerobic microorganisms under anaerobic condition, such as sulphate-reducing bacteria, this might have led to increase in dehydrogenase activity. Tejada and Gonzalez (2009) reported that the increased in dehydrogenase activity in submerged soil attributed to the increase in the anaerobic microbial population and shift from aerobic to anaerobic microbes ones after a soil is flooded. The applied organic sources were able to provide sufficient nutrition for proliferation for microbes and their activities in terms of soil dehydrogenase activity. A balanced amount of NPK and organic manures will increase the enzyme activity (Joa 2010) .
Phosphatases are often measured because of their importance in phosphorus cycles (Aon and Colaneri 2001). Apart from being good indicators of soil fertility, phosphatase enzyme plays a key role in the soil system (Dick et al. 2000) . PMEase is an enzyme of agronomic value because it hydrolyses compounds of organic P and transforms them into inorganic P. The activity of acid phosphatase in soil is significantly affected by herbicide application compared to farmers practice with one hand weeding. Application of herbicide resulted in inhibition of acid phosphatase activity and increased after 14 days of application of herbicide. The PMEase activity was highest in control plots that received only one hand weeding at 40 days after transplanting (DAT) and decreased in soil with application of herbicide with or without organic matter ( Table 3) . The result was in accordance with Wang et al. (2008) . The increased acid phosphatase activity in organic manure treatments might be due to the added quantity of organic matter, which in turn increased organic carbon and nitrogen (Kadlag et al. 2008) .
The activity of urease as influenced by the herbicide treatments (Table 4 ) recorded higher value with nutrient application as compared to control. It was observed that the significantly higher urease activity levels in herbicide treatments than the control for all the periods. Vandana et al. (2012) also reported that application of butachlor did not change the urease activity despite an initial increase during first ninety days after application. Among the herbicide treated soil, increase in urease activity with organic manure addition may be due to the positive effect of organic Values with same letters are not statistically significant, DAA-Days after application; TCF -Through chemical fertilizer; TOSThrough organic source manure in soil. Urease being a urea degrading enzyme, and does not mediate the degrading pathway of the herbicides and probably therefore remained unaffected by the herbicides. It appears that the herbicides were inert to urease producing microbes and so as to the urease activity. Mineral fertilization resulted in the lowest urease activity presumably by the small amounts of organic residues left in the soil (Balezentiene and Kilimas 2009) . Though in general, application of chemical fertilizers stimulated the growth and multiplication of microorganisms, increased dosage was found to inhibit the survival of microbe due to osmotic stress created by fertilizers (Bharathi et al. 2011) . A significant increase in soil enzyme activity of urease (78 ìg of NH4 + / g/ day), in unfertilized control plot was followed by 75% of RDF of NPK at 30 DAS. There is further reduction in enzyme activity when150% of RDF of NPK was applied due to the negative impact of higher dose of chemical fertilizers alone on survival of microorganisms.
Butachlor application on respiration showed a temporary inhibition within the earlier period (14 Days) after treatment and followed by a recovery during the later period in paddy soil ( Table 5) . The results are in conformity with the findings of Barman et al. (2009) . The decline in the microbial population following herbicide application might have inhibited the respiration. It was observed that application of organic manure reduced the inhibition than application of sole chemical fertilizers. The higher enzyme activity in herbicide applied plots with organic manure addition may be ascribed to the significantly higher microbial population and activity compared to the plots with only chemical fertilizers (Bohme et al. 2005) . The positive effect of organic manure addition may be ascribed to the significantly higher microbial population and activity compared to the plots with only chemical fertilizers. (Gu et al. 2009) or supply of substrates such as carbohydrates and amino acids (Bohme et al. 2005) , which provide important sources of nutrients for microorganisms in the rhizosphere.
The microbial biomass of microorganisms is one of the important properties of ecological studies, which can be related to parameters describing microbial activity and soil health (Bolter et al., 2006) . The rising MBC accretion, established Azospirillum and PSB populations were extensively correlated with the PMEase activity signifying that compost and (Saha et al. 2008) . The effect of butachlor on MBC was found to be highest on 14th day (Table 6) . Increase in MBC in some herbicide treated soil may be due to the fact that some of the herbicides acting as the source of nutrients (Cook and Hutter 1981) in which case they significantly affect microbial growth and multiplication. However, the effect of herbicides is usually short-term and minor, when compared with natural, spatial and temporal variation in soil microbial biomass. The decrease in MBC may be due to the adsorption of small amount of pesticides on organic matter that mask the effects of these agrochemicals on soil microbial biomass, and subsequently led to hydrolysis of microbial cells (Jayamadhuri and Rangaswamy 2005) . Herbicides affect various soil microbial processes (Johen and Drew 1977) , inhibit decomposition (Grossbard and Wingfield 1978) , which depends upon the type and rate of application that can alter the microbial biomass quantitatively and qualitatively in both short-term and long-term (Anderson and Armstrong 1981).
Microbial population in the rhizosphere soil of transplanted Kharif rice decreased after herbicide application but, there was no long term adverse effect on the microbial population of the soil. Butachlor 1.5 kg/ha and pretilachlor 0.75 kg/ha are harmful to the given soil in terms of total microbial activity, however addition of easily degradable source of organic carbon with recommended dose of fertilizer to the soil prior to butachlor and pretilachlor application could nullify this adverse impact on soil microorganisms as well as on physico-chemical properties of soil. 
